Objectives: The aim of this study is to introduce protocols for choosing trans-arterial embolization (TAE) or surgical hemostasis as an initial therapy for obstetric hemorrhage. Materials and Methods: From 2002 to 2011 at our hospital, the medical records of the patients who underwent TAE or surgical hemostasis for obstetric hemorrhage were reviewed to assess the following data: The causes of obstetric hemorrhage, Shock Index (SI) and obstetrical disseminated intra-vascular coagulation (DIC) score, amount of bleeding, transfusion, and operation time. Results: Twenty-five patients underwent TAE and six underwent surgical hemostasis. SI and obstetrical DIC score of the TAE group were 1.0 (0.4 -2.2) and 6.0 (1 -32), respectively. They were significantly lower than those of the surgical hemostasis group (SI: 1.6, obstetrical DIC score: 12.5, p < 0.05). Though the hemorrhage could be controlled sufficiently in 23 cases of the TAE group, 5 cases went into shock during TAE. The SI and obstetrical DIC score of shock group were 1.2 (1 -2) and 10 (2 -32), respectively. Conclusion: Though TAE is a useful therapy to control obstetric inevitable hemorrhage, special attention should be paid to the vital signs during TAE, especially in cases where SI and/or obstetrical DIC score are higher than 1.2 and 10, respectively.
Introduction
Obstetric hemorrhage is one of the major causes of maternal morbidity and mortality [1] - [3] and its management represents a critical concern to obstetricians. In 2011, one third of the causes of maternal death was obstetric hemorrhage in Japan (http://www.jaog.or.jp/all/document/botai_2011.pdf). There are many treatments to control obstetric hemorrhage, i.e., uterine fundal massage, uterine bimanual compression, uterotonic agents, intra-uterine balloon tamponade, uterine packing, and placental tissue removal. If these conservative treatments are not effective, invasive interventions are required.
The trans-catheter embolization (TAE) of uterine arteries for obstetric hemorrhage was first reported in 1979 by Brown et al. [4] and the recent success rate of UAE exceeds 90% [5] - [10] and goes up to 100% [11] . TAE is an excellent method of preserving the uterus for future pregnancies. The usages of TAE are wide ranging, which includes postpartum hemorrhage (such as uterine atony), placenta accreta, puerperal hematoma, early pregnancy bleeding, placental polyp, and cervical pregnancy. During massive bleeding with unstable vital signs, the surgical hemostasis (including internal iliac artery ligation or hysterectomy with intensive care by the anesthesiologist) is advisable. However, we sometimes encountered technically difficult cases for TAE went into shock during TAE. In addition, surgical hemostasis after unsuccessful TAE results in much more blood loss due to hemostasis completion delay. At present, as an initial therapy, there is no standard protocol for choosing TAE or surgical hemostasis to control obstetric hemorrhage. It is important to select the appropriate initial therapy in each case by carefully considering the risks and benefits. The purpose of this study is to, by reviewing the past cases in our hospital, introduce protocols for choosing TAE or surgical hemostasis as an initial therapy for obstetric hemorrhage.
Materials and Methods
The cases included in this study are from between July 2002 and February 2012. They consisted of 25 cases of TAE and 6 cases of surgical hemostasis for obstetric bleeding. We focused on the causes of obstetric hemorrhage and post-embolization complications. The medical records were reviewed to assess the following data: age, parity, emergency transport (y/n), Shock Index (SI), obstetrical DIC score [12] before TAE, volume of bleeding before and during therapy, total volume of bleeding, units of blood transfusion (amount of packed red cells, fresh frozen plasma and platelets), operation time, and hospitalization period.
The shock index (SI) is calculated as the pulse rate divided by the systolic blood pressure (mmHg). It is used as an accurate indicator to estimate the blood loss volume.
"SI = 1 and 1.5" means that blood loss volume will be about 1.5 and 2.5 litters, respectively. Obstetrical disseminated intravascular coagulation score (Obstetrical DIC score) is related with the coagulation disorder for pregnant women. This is an excellent scoring system for DIC in pregnant women which gives much weight to the underlying diseases ( Table 1) . It can allow us the quick and convenient diagnosis to determine the timing of starting intensive care before obtaining the blood test results. The intensive care for DIC should be given when Obstetrical DIC score is over 8 points. Over 13 points of obstetrical DIC score means that the patient is already in DIC status. SI and obstetrical DIC score are established and widely used in Japan.
At our hospital, patients undergo TAE within forty five minutes after their obstetrician's decision. All TAE were performed by two trained interventional radiotherapists. Absorbable gelatin sponge pledgets and/or microcoils were used for this process. The embolus materials were injected into the uterine arteries via right transfemoral catheters. A post-embolisation selective angiogram was used to confirm uterine arteries occlusion completion.
Because two anesthesiologists and operation room staff were always available, all of the operations began within 30 minutes. The surgical procedures were determined by attending doctors in each case.
Written informed consent was obtained from all patients and their families (regarding the risks and benefits of TAE). Statistical analysis was performed by using StatView 5.0 and p value of less than 0.05 was considered to be statistically significant.
Results
The causes of obstetric hemorrhage in the TAE group and surgical hemostasis group are stated in Table 2 . "Others" in the TAE group include false aneurysm and hydatidiform mole coexisting with a fetus. "Others" in the surgical hemostasis group include uterine rupture and marginal sinus bleeding of placenta. The surgical procedures included 4 cases of total abdominal hysterectomy and 2 of internal iliac artery ligation. The characteristics of the TAE cases compared to those of the surgical hemostasis cases are shown in Table 3 . The SI of the surgical hemostasis group was significantly higher than that of the TAE group and the obstetrical DIC score of the surgical hemostasis group tended to be higher than that of the TAE group. The general condition of the TAE group was better than that of the surgical hemostasis group and the success rate of TAE was 92% (23/25 cases). There were two cases of TAE failure in our study. Case 1 was a twin pregnancy. The patient was transferred to our hospital because of uterine atony during cesarean section at the primary hospital. To control atonic bleeding, gauze was packed into the uterus. The SI and the obstetrical DIC score at the arrival at our hospital was 0.9 and 9, respectively. A TAE of bilateral uterine arteries was then performed. Eventually, we also performed a la-parotomy and removed the packed gauze. Atonic bleeding continued during laparotomy and therefore a hysterectomy became necessary. It was presumed that the gauze packing made it difficult to detect the bleeding during TAE. The patient in Case 2 underwent a cesarean section due to eclampsia at our hospital. The SI and the obstetrical DIC score were 2 and 32, respectively. Postoperative massive bleeding continued and a TAE was performed. Bleeding was uncontrollable and the rectus muscle of the abdomen was detected as the bleeding point via laparotomy.
Intensive care was required for 5 cases (20%) who fell into shock during TAE. The average age of the shock group was significantly higher than the non-shock group (p < 0.05). The total volume of the bleeding of the shock group was significantly larger than that of the non-shock group (p < 0.05). The SI and the obstetrical DIC score before the TAE in the shock group were 1.2 and 10, respectively, which tended to be higher than those of the non-shock group (SI: 0.8, obstetric DIC score: 6) ( Table 4) . Major complications were pain (n = 15), fever (over 38˚C) (n = 9), secondary amenorrhea (n = 2), and uterine necrosis (n = 1).
The data of 15 out of 25 cases regarding fertility after TAE were obtained. Thirteen pregnancies across seven women have been confirmed to date. First trimester miscarriages occurred in 7 pregnancies. There were 6 successful births, 2 of which had fetal growth restriction. 
Discussion
In this study, we reviewed obstetric hemorrhage cases. The success rate of TAE was 92% which was similar to the reported results [5] [7]-[9] [11] . TAE is a crucial method for preserving future fertility. However, we experienced 5 patients went into shock during TAE with unstable hemodynamics (SI > 1.2 and/or DIC score > 10) at the beginning of TAE. These cases required more than average blood transfusions and effort to improve their hemodynamics. In cases of severe coagulation disorders and unstable vital signs, we propose selecting surgical hemostasis under the intensive care of anesthesiologists. Sentilhes et al. reported 11 cases of TAE failure out of a total of 100 cases. They concluded that the only factors significantly associated with failed pelvic arterial embolization were a higher rate of estimated blood loss (more than 1500 ml) and more than 5 transfused red blood cell units [13] . Bros et al. reported that 194 cases underwent TAE for postpartum hemorrhage and 12 cases experienced recurrent bleeding within 24 hours after TAE. Multivariate analysis revealed that presence of coagulation disorders, anatomic variations of the uterine artery vasculature and primiparity were a statistically significant risk factor for recurrent bleeding within 24 hours after uterine artery embolization for severe postpartum hemorrhage [14] .
Maassen et al. reported a case of TAE for atonic uterus after normal delivery. There was persistent bleeding after TAE therefore re-TAE was performed. Gelatin sponges were injected into both internal iliac arteries, however, the woman continued to bleed and an emergency hysterectomy was required. The reason of persistent bleeding was continued blood supply from the ovarian arteries to the uterus. In this case, it was important to check the accessory blood supply [15] .
Regarding the complications of TAE, Soncini et al. reported that there were hematoma at the insertion site, pain, fever, and nausea as post-embolization complications [8] . It was reported that uterine necrosis and secondary amenorrhea are rare. In this study, we found pain (60%), fever (36%), secondary amenorrhea (8%), and uterine necrosis (4%). In one case of uterine necrosis a patient underwent hysterectomy 40 days after TAE (Gelsponge as the embolus material). There were a few reports about uterine necrosis after TAE for obstetric hemorrhage. Cottier [16] reported a case of ischemic uterine necrosis after TAE with polyvinyl alcohol and Gelfoam particles. In the management of post-partum bleeding by arterial embolization, interventional radiologists and gynecologists should be aware of this complication and use polyvinyl alcohol rather than Gelfoam. Regarding the fertility after TAE, Hardeman compared 53 patients exposed to embolization with 106 non-exposed patients and concluded that the embolization does not alter subsequent fertility [17] . In our study, about half of the patients after TAE gave birth. For patients' sake, better information regarding their subsequent chances of fertility and the potential risks should be provided.
The flowchart for massive obstetrical bleeding is shown in Figure 1 . After an assessment of the etiology, Figure 1 . The proposed protocol for intervention determination. amount of bleeding, complete blood count, the SI, and the obstetrical DIC score for each case, a TAE should be performed for the cases with stable vital signs before the therapy. For the cases with unstable vital signs of SI > 1.2 and/or obstetrical DIC score > 10, it is better to perform a surgical hemostasis or TAE with preparation and intensive care for shock during TAE. In cases of TAE failure, re-embolization or surgical hemostasis should be selected according to etiology and vital signs. There are some limitations in this study. The etiological diseases of obstetric hemorrhage in each case were different and this may affect the success rate of TAE. In addition, most of the patients were transferred to our hospital after delivery and initial treatment in other clinics. Therefore, the general conditions and the hemodynamics on arrival at our hospital were varied. Compounding this problem, because there was no standard protocol for determination, each attending doctors had to make their own decisions per case. Moreover, the numbers of the cases of each group are small. Therefore, future studies should be required more cases to obtain sufficient statistical power.
This TAE protocol is contraindicated for patients with an allergy to iodine contrast medium. Furthermore we couldn't study fully this time, vaginal tears, uterine rupture and bleeding after cesarean delivery may need to be sutured before TAE.
In conclusion, TAE is an effective treatment for obstetric hemorrhage with less invasive, quick completion of hemostasis, and uterine preservation for future pregnancy. TAE is an important intervention and therefore the assessment of each case must be performed accurately but rapidly. For the cases with unstable vital signs before the therapy, careful judgment is necessary. We therefore propose the usage of our new protocol for the determination of intervention with TAE or the surgical hemostasis. We hope that this protocol will rescue many patients by using this at the beginning of the treatments.
